- 1 - METHODS AND APPARATUS FOR MAPPI NG MODULATI ON SYMBOLS TO RESOURCES I N
OFDM SYSTEMS BACKGROUND OF THE | NVENTION Fiel d of the Invention The
present invention relates to a nethod for nmappi ng nodul ati on synbols to
resources in a comunication system and nore specifically, a nethod for
mappi ng nodul ati on synbols into different resource regions in a

communi cati on system and anot her nethod for mappi ng nodul ati on synbol s of
mul ti pl e code blocks into resources in a comuni cation system Description
of the Related Art Tel econmuni cati on enabl es transm ssion of data
over a distance for the purpose of comfunication between a transmtter and
a receiver. The data i's usuaIIy carried by radio waves and is transmtted
using a limted > e transmtted
over a period of - - -

cont enporary communi cal : = ‘ EVIdr ansmtted are
first encoded and then nDduIated to generate nultlple nodul ati on synbol s.
The synbol s are subseque resource. Usually,
the transm ssion resourcgﬂaégﬁﬁgﬁﬁgnﬁg&qaiéiﬂiﬂ%ﬁéﬁﬁgsion is segnented into
a plurality of equal duration tine and frequency slots, so called resource
el enents. A si ngFﬁlJGPﬁm@ﬁﬁ%Aﬁioﬁmnt or multiple resource elenents may be
all ocated for trgpsmttin e ta. Wien data is transqhﬁted a, control
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t he deri vedlochd DrdRbEHBes in 2 communitalibh kfbtdnd d) Generation Partnership

Proj ect Long Term Evolution (3GPP LTE) systens, certain resource el enents
are allocated for control signal transm ssion. Therefore, the data synbols
may be mapped i nPescriptionef ths Belatddedeint s that are not - 2 - allocated for

control signal tT@Bé{iﬂxﬁﬁiu@ﬁhonE@i%légaﬁﬁlshﬁﬁﬂﬁﬁbﬁ%ht‘ﬁ”o\ﬁc@rar bRGnbO kG PRt i on

bits of one_ or mJ,IJtln%Le.tran ? ocs VWen a transport. block is |arger
than t he Purpose of communication beiween a transmitter and a receiver. e data is usually

carried by radio waves and is transmitted using a limited transmission resource. That

is, radio waves are transmitted over a period of time using a limited frequency range.

In a contemporary communication system, the information to be transmitted
are first encoded and then modulated to generate multiple modulation symbols. The
symbols are subsequently mapped into transmission resource. Usually, the
transmission resource available for data transmission is segmented into a plurality of
equal duration time and frequency slots, so called resource elements. A single
resource element or muliiple resource elements may be allocated for transmitting the
data. When data is transmitted, a control signal may accompany the data to carry
information regarding the allocation of the resource elements for the current data
transmission. Therefore, when a receiver receives the data and the control signal, the
receiver may derive the information regarding resource allocation used for data
transmission from the control signal and decodes the received data using the derived
information.

In Third (3") Generation Partnership Project Long Term Evolution (3GPP
LTE) systems, certain resource elements are allocated for control signal transmission.
Thercfore, the data symbols may be mapped into the resource elements that are not



| argest code bl ock size, the information bits in a transport block may be
segnented into multiple code bl ocks. The process of dividing the
information bits in a transport block into multiple code blocks is called
code bl ock segnentation. Due to the linited selection of code block sizes
and the attenpt to maxi m ze packing efficiency during the code bl ock
segnentation, the multiple code blocks of a transport block may have
different sizes. Each code block will be encoded, interleaved, rate
mat ched, and nodul ated. Therefore, the_?gta synbol s for a transm ssion may
consi st of nodul ation symbols of multipfe code blocks. SUMVARY OF THE
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symbols of multiple code blocks.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide an improved
method for transmission,

It is another object to provide an improved mapping scheme for map
modulation symbols.

According to one aspect of the present invention, a method for transmission
may be provided to divide a transmission resource in a subframe into a plurality of
equal duration resource elements in time and frequency domain, segregate the
plurality of resource elements into one or a plurality of resource regions, modulate
information to be transmitted to generate a sequence of modulation symbols at a
transmitter, map the sequence of modulation symbols into the plurality of resource
elements in the plurality of resource regions, and transmitting the modulation
symbols via one or a plurality of antennas using the respective corresponding
resource elements to a receiver. The mapping of the modulation symbols in at least
one resource region, i.e., first resource region, is independent of a certain control
channel information that is carried in said time domain subframe, and the mapping of
the modulation symbols in at least another resource region, i.e., second resource
region, is dependent upon said certain control channel information that is carried in
said subframe.



one resource region, i.e., first resource region, is independent of a
certain control channel information that is carried in said time domain
subframe, and the mappi ng of the nodul ati on synbols in at | east another
resource region, i.e., second resource region, is dependent upon said
certain control channel information that is carried in said subfrane. -3.
The certain control channel information may be a control channel fornat

i ndi cati on. The nethod may further include interleaving the sequence
of nodul ati on synbol s before mappi ng t?e nodul ati on synbols into the
resource el enents. The sequence”of nodul ati on synbols may be
sequentially mapped into resource elenents within a plurality of
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increasing order starting from a multiplexing symbol having a smallest index in the

time domain in that resource region.

After mapping the modulation symbols into the resource elements within
the multiplexing symbols, the modulation symbols within each multiplexing symbols
may be interleaved in the frequency domain.

Alternatively, in the first resource region, the multiplexing symbols may be
mapped in a decreasing order, and in the second resource region, the multiplexing
symbols may be mapped in an increasing order.

Still alternatively, in the first resource region, the multiplexing symbols may
be mapped in an increasing order, and in the second resource region, the
multiplexing symbols may be mapped in a decreasing order.

The method may further include calculating the number of available
resource elements in the at least one first resource region to obtain a first number,
calculating the number of available resource elements in the at least one second
resource region to obtain a second number, mapping the first number of modulation
symbols into the resource elements within the at least one first resource region, and



The met hod may further include cal cul ating the nunber of avail able resource
elenments in the at | east one first resource region to obtain a first

nunber, cal cul ating the nunber of available resource elenents in the at

| east one second resource region to obtain a second nunber, mapping the
first nunber of nodul ation synbols into the resource elements wthin the at

| east one first resource region, and - 4 - mapping the second nunber of
nodul ati on synbols into the resource elenents within the at | east one
second resource region. The netgod may further include transmtting

a control channel signal carrying said certain control channel information
via the transmtter to the receiver, decoding at the receiver the control
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generate a pIurallty of coded bits, nodulating the plurality of coded bits
in the code blocks to generate a sequence of nodul ati on synbols at a
transmtter, mapping at |east one nodul ati on synbol in each code block into
the resource elenents in the at | east one first resource region, wth the
mappi ng being i ndependent of a certain control channel information that is
carried in said time domain subfrane, and transmtting the nodul ation
synbols via a plurality of antennas using the respective correspondi ng
resource elenents to a receiver. The nethod may further include
mappi ng at | east one nodul ati on synbol in each code block into the resource
elenents in the at | east one second resource region, with the nappi ng bei ng
dependent on the certain control channel information that is carried in
said time domai n subfrane. The met hod may further include assigning



The nethod may further include assigning roughly equal nunber of resource
el enments in one of the at | east one second resource region to each of the

plurality of code blocks. - 6 - The net hod may further include
assi gning roughly equal nunber of coded bits in one of the at |east one
first resource region to each of the plurality of code bl ocks. The

nmet hod may further include assigning roughly equal nunber of coded bits in
one of the at |east one second resource region to each of the plurality of
code bl ocks. The net hod may further i ncl ude assigning a sel ected
nunber of resource el enents in one of "the at |east one first resource
region to each of the plurality of code bl ocks to obtain roughly equal

codi ng ratg.a r.al of co bl ocks. The . nmet hod
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that is camed in said time domain subframe, and transmitting the modulation
symbols via a plurality of antennas using the respective corresponding resource
elements to a receiver.

The method may further include mapping at least one modulation symbol in
each code block into the resource elements in the at least one second resource region,
with the mapping being dependent on the certain control channel information that is
carried in said time domain subframe.

The method may further include assigning roughly equal number of
resource elements in one of the at least one first resource region to each of the
plurality of code blocks.

The method may further include assigning roughly equal number of
resource elements in one of the at least one second resource region to each of the
plurality of code blocks.



- 7 - with the acconpanying draw ngs in which |ike reference synbols
indicate the same or simlar conponents, wherein: . FIG 1is an
illustration of an Orthogonal Frequency Division Miltiplexing (OFDV
transceiver chain suitable for the practice of the principles of the _
present invention; FIG 2 is an illustration of OFDM subcarriers; FIG 3 is

an illustration of OFDM synbols in a tinedQOrra! n; . IFlG 4 iss an
illustration of single carrier frequency division nultiple acces _
transcei ver chain; FIG 5 is an jllustration of a Hybrid Automatic
Repeat request (HARQ transceiver chaim;"FIG 6 is an illustration of a
four-channel HARQ transm ssion schenme; FIG 7 is an illustration of a

[ [ ; L I 8 is an jllustration of
g/u lp: Ieg |O§e|dn&”%@h&{%ﬁﬁg%@%@ﬁﬁ%{']g@lﬁ %{%t%%%?’]é% F’dﬂg = i%‘/?.fl &rﬁ?dﬁént rol
channel el &H&AT 918 of de alplepst oap firpl igsateq regiorofo ¢abk cfchn pluidity uiffoodere

st ruct ur e; blocks. FIG 11 illustrates a nmapping scheme according to a first
enbodi ment of t h?‘hg rrﬁéh%tf) Jl:nea'\gsz fl?l.fthetr qgclgéeegs%Péniﬁgnyo%E llyoer:;;ual number of coded

bits in one of the at least one second resource region to each of the plurality of code

blocks.

The method may further include assigning a selected number of resource
elements in one of the at least one first resource region to each of the plurality of
code blocks to obtain roughly equal coding rate among the plurality of code blocks.

The method may further include assigning a selected number of resource
elements in one of the at least one second resource region to each of the plurality of
code blocks to obtain roughly equal coding rate among the plurality of code blocks.

The method may further include assigning a selected number of coded bits
in one of the at least one first resource region to each of the plurality of code blocks
to obtain roughly equal coding rate among the plurality of code blocks.

The method may further include assigning a selected number of coded bits
in one of the at least one second resource region to each of the plurality of code
blocks to obtain roughly equal coding rate among the plurah'ty of code blocks.

According to still another aspect of the present invention, a {ransmitter may
be constructed with a modulator modulating information to be transmitted into a
plurality of modulation symbols, a mapping unit mapping the plurality of modulation
symbols into a plurality of resource elements in a time domain subframe, with the
time domain subframe comprising a plurality of resource regions, with the mapping
of the modulation symbols in at least one resource region being independent of a
cerfain control channel information, and a plurality of transmitters for transmitting
the modulation symbols using the corresponding resource elements.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention, and many of the attendant
advantages thereof, will be readily apparent as the same becomes better understood
by reference to the following detailed description when considered in conjunction



FIG 12 illustrates an interl eaving schene and a mappi ng schene accordi ng
to the first enbodinent of the principles of the present invention;

FIG 13 illustrates a sequence of steps in a process of mapping nodul ati on
synbol s according to the first enbodi ment of the principles of the present
i nvention; FIG 14 illustrates a sequence of steps in a process of
decodi ng nodul ati on synbols according to a second enbodi nent of the

princi ples of the present invention; FIG 15 illustrates a napping
schene according to a fourth enbodi ment_ of the principles of the present

i nvention; and FIG 16 illustrat®s a nmappi ng scheme according to a
fifth enbodi ment of the principles of the present invention. DETAILED
DESCRI PTI : | = 8- L. EIG 1 illustrates an
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modul ationggypbol . FIG 2 illustrates the OFDM transm ssion schene using
sub-carrier 1, 'sub-carrier 2, and sub-carrier 3. Because each OFDM synbol
has finite durati6hSihan ilstratinreetfs preersled MIMBrsystems overl ap with each
]9t her in frequenEIﬁ.@qgraﬂtz ﬂiusifﬁtﬁixféﬂLhﬁgﬁ&?}ﬁfiﬁlé/cdn&oF@Mﬁ al diede Ee;'{hfe sanpl i ng
requency assumi e transmtter .receiver has perteéec requency
synchroni zat i on,ﬁg}s'tlgﬁso%ﬁ]i%ﬁmﬁoéOfé”.al%rdﬁo‘i”ﬁg’kcﬁgga@f; Strelifency of fset due to
i nper fect frequefify 14 jistwatniazatiping sheinegbcordinigltd tyirsttdigbodihbeagnmd i ty of
the sub- casnidc@ilss &ihs prmbit R chligguenci es is destroyed, resulting in
inter-carrier- iﬁr}g’er% ence (I1Cl). ) A time domain illustration of the
transnitted and FocerIEFieksndyisterdng schemsvandi avmpping schemeeaccording t i pat h
fadi ng, tHe tigFfipoembodimeht ¢itee pﬁﬁcﬁ?bé@dfﬂiegﬁ@sknﬂiﬁv&ftfo%? corrupted by the
previ ous OFDM sypr?%ol13 iﬁl?s}‘ﬁﬁi’e‘ira’ as.lan gs the CP is fuffi ciently long, the
recei ved OFDM synbol _wi thout ‘CPsRoula SRt yR AHPESH Of MEPBiRg BPYHaon
convol ut edYBpolsiecerding tp senfirshetivberdimiennefehe ptinciplesef tik preschisiatertont i er
Transf orm ( FFT) HIS. tak@nudtes ah@ah i I essi ng
frequency Sg%ggjsnacémg advant a&quﬁﬁ%ﬁ‘éﬁﬂ&gsél?Q_g%cﬁ:g?ééiﬁ%\éﬁfg%négﬁé%ﬁé@ enes is
its robusthas ing to a second embodiment of the principles of the present
invention;

FIG. 15 illustrates a mapping scheme according to a fourth embodiment of
the principles of the present invention; and

FIG. 16 illustrates a mapping scheme according to a fifth embodiment of the
principles of the present invention.

DETAILED DESCRIPTION OF THE INVENTION



- 9- tonmltipath fading. The nultipath fading in tinme domain transl ates
into frequency selective fading in frequency domain. Wth the cyclic prefix
or zero prefix added, the inter-synbol-interference between adjacent OFDM
synbols are avoided or |largely alleviated. Mreover, because each

nodul ati on synbol is carried over a narrow bandwith, it experiences a
single path fading. Sinple equalization schene can be used to conbat
frequency sel ection fading. Single carrier frequency division

mul tiple access (SC FDVA), which utiIizis single carrier nodul ati on and
frequency donmin equalization is a technique that has simlar perfornmance
and conplexity as those of an OFDVA system One advantage of SC-FDMA is

that the SC- FDVA®GoRall I -4.09- Ay e. power. ratio R
because of ,its inher entuégl?%lagv@gl}o%sgé I'Esrtgg%élt%{'l YIS@BWW%X%@@%r esults
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mul tiple a : i term,evol ut.ion . (LTE). An exa e of the
tr ansgei ve%e%ﬁgslgﬁpﬁgrﬁullg%-%%bélgQ@%&ﬁhS‘f‘ﬁe‘ﬁe‘éﬁyﬁ‘?n%m@ﬁ@llﬂ ‘&H%’and by side,
the data oPcE@WtaralieldSghspnvestes 813.alnversepiashFowler (IShMRor@0(IFET) et hysa S/ P
convertor 1BdsedDb 3Q0SELHEQWHhRT ; applied to.
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I ers, en

frequency ﬂgmag’_n } . t _of contiguous sub-carr
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t r ansf or mePTCEEFMHU ShfSHEH than anigara (Dehskown), bi mlierddiveiy by Altedrwipar al | el
to serial (P/ @pleonvar tieosivdry chain/ SLOCORESHE ic orefi ) will
be added bgy hg%iiaﬁﬁﬁréﬂeog hlileni Eal 6 to the dr%lt’ ﬁn’%mt ﬁgﬁ%oﬁﬁfoﬁéi‘%ﬁé I
before the "data. of the Gontrol si-Unaleits Pravsinibyt geiver {Rx) dfsenti erd on
front end PEOSEEHE Wyt 43l is pregessethby SiPoresset usit 402! Fakt Fodies iGhisgomt ef i X
added is o ungfl B4 echstQs 8% -FQ%% . ter si ghal , passes

t hrough a gb%ngrcati on Schsannellew%%éi, .é&%"q‘glﬁr’?ﬁﬁ?“% ﬁigfrgﬂ'il‘%ﬁy@ﬁ el in a
Wi rel ess comni cé’f?cgﬁm%st em the receiver will performreceiver front end

processing by a et &IRAM system] eahdOPDML e$mbOUcHRists JOhul RN HPECP by a

CP renoval gaun &y ; EET,.transforner ,194 and frequency
domai n equal i zatbil&%hgieﬁgg%sgfgfgﬁﬁs%nbﬁ%SPIrbefrs f‘rl%‘?é'ﬁ"ﬁm ?yir‘%l@’r') 1%@6 il be
appl i ed aft'Blraiefethe. OFBM tagsmissipe schemn alsingssuberanpgret] $B5carner 2 egUENCY
domai n. TIWbmﬂhﬁmt&OBeMgE?_ eét!&!h| ®FDE%@%ﬁ§ﬁg1afsq{nitfeLHutrQﬁfnl ' ks gglﬁ%'ng the,
processi ng.,8yGh.: .atio ecodi ng. . n packet -

wirel ess éltg ;b% gé%%?@%% :dvéﬁl %‘Vgt%ﬁﬁr Irbg'i‘?ﬂP?iICYs‘iI%P-s Thaaggthpganalitt iy ough
control cHBHABERSd at the sareplingrindquengnasshmingms Missinir 2g@ MY AlckeAgRONMPany
dat a si gnglesfett BBGWINEY @¢nd d , Al . £., data transm ssion.
Cont r ol c%pne i%]g.sgr %‘%? i Hg&gﬁgpug% %%&Jggg{l]rﬁgﬁ ¢ ha]eng’le 5t r‘?&lfg?qﬁﬁl?céfat or
(CCM), acKhSi SdertERer %‘?tgl}?a?ef{cx@@c;hr%é%&n efdtigh wohilitn|the hahogsinaliffDCCH)
signal, cafrhesubcamen 8Isi;m1p1ifngrﬁm:¥uehd§1f39ﬁﬁﬁéét%ea,ofesﬁlhﬁ‘o q&ltiﬁteﬁh%ﬁ%{,’ such
as user Ilgiteff@l%gggggl ssignment information, Payload size, nodulation,
Hybrid Automatic RepeatreQuest (HARQ information, M MO rel ated

i nf ormati on. A time dogyin dluaierraed the RepeattadeQdastdived OEBRDsyindols del y

used in conshosinciatiIeN 35 WRleab Bl Bp A0 TRALe JRC OB gkl Aid e g’%glrl%diés% aPx°

reliability E@@%t@ packet. i s ed ‘Using certain _
correction (FEC) “Bchene *EAEROLE, FYIRER)- oHPyeruntailene as por CPois of t he
coded bi t §¥tticiengliilong.alivs meevednOFDIM sylabat ketholst Cai dhsuldsnlyndineat gd by a
NAK in a beedh R8 qg,gﬂg . retransm ssi on, suhpacket,
subpacket . k+1 @Iﬁllsf kﬂgﬁdttedgﬁgﬁlﬁg%rﬁﬁggr%%? ef” gethhe® e B W&t . The
retransni SETSHHEL Retakergy thegreaiver e feealban fwdde gravessing Franudree

previ ous dubpiacKBtesadviiags 6COFDRL o¥BYotHE & nbnG QI s%ﬁergés ls%s&tglbw}fstﬂ%@de al |
t he recei ved subpackets to i nprove the chance of decodi ng. rmal Ty, a

maxi mum nunber of transmi ssions is configured in consideration of both
reliability, packet delay, and inplenentation conplexity. Due to its
sinplicity, N-channel synchronous HARQ are often used in wreless

comuni cati on systens. For exanple, synchronous HARQ has been accepted as
t he HARQ schene for LTE uplink in 3GPP. FIG 5 shows an exanple of a

4- channel synchronous HARQ Due to fixed timng relationship between
subsequent transm ssions, the transm ssion slots in the sane HARQ channel
exhibits an interlace structure. For exanple, interlace O consists of slot
0O, 4, 8 ..., 4k, ...; interlace 1 consists of slot 1, 5, 9, ... , 4k+1, ;
interlace 2 consists of slot 2, 6, 10, , 4k+2, ...; interlace 3 consists



Mul tiple antenna conmuni cation systens, which is often referred to as
multiple input nultiple output (MM)), are widely used in wireless

comuni cation to inprove system perfornmance. In a MM system the
transmtter has multiple antennas capable of transmtting i ndependent
signals and the receiver is equipped with multiple receive antennas. M MO
systens degenerates to single input nultiple output (SIM) if there is only
one transm ssion antenna or if there is only one stream of data
transmtted. M MO systens degenerates tgo mul tiple input signle output

(MSO if there is only one receive antenna. M MO systens degenerates to
single input single out put (SISO if there is only one transm ssion antenna

and one re@@img n increase

t hr oughput %%fn %ge of 't he systgiﬁ'l&mﬁ)ZJd lé‘tt%g%éc’?lﬁ’& é%&sgat?s B’aﬁmﬂe&% or
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pr ecodi ng irsattidnxuian 8beo chesian §0tHeecdnf@] kigaht b@ﬂoﬂﬂiﬁéaﬁa@%tr rth cﬁfltr if the

know ed l.e t th tt t f t
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di agonal i sigaal &ith m%i@lﬂq ]Prgfltfhddwmsafﬂea refaed eisneSO-Rbi Avblloti pAdted siea
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often prokybit] Vi€ der .to reduce pr ecodi ng
matrices aré Gerhed PHUHTANR ¥t e theraeevest thh@eﬁf@rggurmeevwirmsewat H
coul d subprogpssing by aWetChwEhéloquanﬁ |p2@ctel<;ﬁﬁ uditr gﬂewﬁbvé epdgroagk thpe

preferredyds g for i ndex of the
preferred %(E%ggj:nggllﬁ ﬁ@ %H?anfﬁaﬁﬁl ?%Ewl‘ ?kﬁ%c@é g?eqf“ﬁrécy WPERr ed

pr ecodi ngtYRUEYIYL TKss Dissrsie Fowst trnsforhdBAFBRLIS wﬂbbammdaﬂedtheal f

val ues for the preferred precodi ng schene. Anot her perspective of a
M MO systemis whether the multiple data streans for transm ssion are
encoded separately or encoded together. If all the layers for transm ssion
are encoded together, we call it a single codeword (SCW M MO system And
we call it a multiple codeword (MCW M MO system otherwise. In the LTE
downl i nk system when single user MMO (SU-M M) is used, up to 2 codewords
can be transmtted to a single UE. In the case that 2 codewords are
transmtted to a UE, the UE needs to acknow edge the two codewords
separately. - 13 - Another M MO technique is called spatial division
mul ti pl e access (SDMA), which is also referred to as nulti-user M MO
(MJM M) sonetines. In SDVMA, nultiple data streans are encoded separately
and transmtted to different intended receivers on the sane tine-frequency




The downl i nk subfranme structure in a 3GPP LTE systemis shown in FIG 10.
In the 3GPP LTE system a tinme and frequency resource can be divided into a
plurality of resource blocks 210 (RB). Each resource block 210 can be
further divided into a plurality of resource elenments 211 in a tinme and
frequency domain. As shown in FIG 10, a single OFDM synbol can be
transmtted using a row of resource el enents corresponding to the sane
period of tinme. In a typical configuration, each subframe is 1ns | ong,
contai ning 14 OFDM synbol s. Assune the DM synbols in a subframe are

i ndexed fromO to 13. Reference synbol"§ (RS) for antenna 0 and 1 are

| ocated in OFDM synbol O, 4, 7, and 11. |f present, reference synbols (RS)

for antenn iR R a P i . 2 = -, ntr ol
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i nvention. I r.aWn and descriptjon are to 'he regarded as
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:c n ot her Swéiﬁsmﬁéﬂmck@pMUpge{bﬁ &+1, is transmitl@d@lg Hklp iHel ﬂé@éi{riﬁl@%o@e schene
or mappi ng _ ' i resour,c MeENts in an
LTE downl i nﬁrﬂgubft?r%&;%ggﬂlﬁg%ﬁ%%@o& gﬁ?t?!rn}sé& aég%%%%l&%ﬁ?n (?f)d?cﬁggsp&‘iaﬁé’i%epl es of
the pr esen@reylr‘?\‘}%ﬁpgflﬁ‘f%(aﬁo%h? ITP4FeY St b ioBlr porsbine 1or OBDM syedsiel &l ithe t he LTE

downl i nkhsneb&iwaimula;raekétmdeﬁeq)ré\feomﬁOCEdh&%C’of ﬂ&gdﬁ?.”NoQJnftﬁ?,aﬁr}ﬁ%ﬁiﬁhﬁﬁﬁ' s may
occupy t b St . 1 hree DM, s 0 il e the data channel s
may occupg?[1 Jdﬁ%édoégﬁyss?%ﬁ%\g% ﬁgbﬁ%}%rggﬁgtw&%?%ﬁgh OE)P%@bﬁ?%F%FmEhEWW s. The
LTE downl i 45keYs 4B aptemeniatiorecamplexid i nt o Region 1 consisting of the

resour ce el ementivueer iesaepting NeHORY SYeRehsiSHAGUAD din A4 Region 2
consi st n%ﬁ’él Stshg resource el eprent stﬁorr spon |n% to SYMbo 0, 1, and
2. Note here Tor “SREeUEAIPT | USRSt i TN, e¥enrles SHehEmous nk#s| esand dat a
channel s d@cecpiot ag tha bR Qselitniator AT BatinkGhDIIPPY FHE) 5 sieverd Sahfssor al | the
enbodi mentss 4.hahhis o LWRNmaEnaphll cabke to.the case wher ont rol
channel s and - 1%1 -Sy%g@ughannee's_%é cr;h%ll kllg%(% X% f%@g%nasrt?g’ %f%f(/?eé]ynbol .

I n gener al®"°RAYFYArePSRISHOBS e fpnisrisHen slhts o dhd wotd AR chaseledsbial ement s
in a subf ranetetlhead str@urdsBor Byantilt AntRRBOB! cdnkRRSIF S5 QN4 regar Q?iess. of the
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val ue of ¢ ' \ Il information carried in thé said subfrane,
.g., Contro annel” For nat ~’I'ndr cat COHYY™ i ORSBSArF PBe- @efVned as

: FRElR L EA e UETIED: con B ¢ OcPISTiRe g GRS BISftich Bed)

the col | ecti throf- i Bdlice whsissrtsldts, 4, SUbf.r4wws, t.hatetnpykdmerted 0by dat a
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mul ti pl exed in the frequency domai n using C}thogonal Frequency Division

Mul tiple Access (OFDMA). For one data channel, assune there are N1 resource
el ements available in Region 1 and N2 resource el enents avail abl e in Region
2. The availability of the resource elenents for data transm ssion in
Region 1 consisting of OFDM synmbols 3 through 13 is independent of any
control channel information. The availability of the resource el enents for
data transm ssion in Region 2 may be, however, dependent upon sone control
channel information. In the first enbodi nent of LTE downlink subfrane, the
avai lability of the resource elenents for data transm ssion in OFDM synbol s
0, 1, and 2 in Region 2 depends on the value of CCFl. For exanple, if CCF

i ndi cates OFDM synbol 0 and 1 in Region 2 are used for control channel



- 16 - of nodul ation synbol ordering or interleaving, the techniques
described in this invention can be applied to the case of nodul ati on
synbols with a different order. Also note that in some other cases, the
techni ques described in this invention can be conbi ned with other
processi ng. For exanple, one m ght describe the mappi ng from nodul ation
synbols to resource elenents jointly for the first stage and the second
stage operations as shown in FIG 12 wi thout departing fromthe disclosure
of the invention. In the first_enbodi nent according to the
principles of the invention, the met hod* of mappi ng of a plurality of

nodul ation synbols to a plurality of resource el enents contenpl ates
segregatin I i; S ce.elemepts in supfrane into, a
plurality g%gliag%%uf#%%mrl%%q ggng .[O?T‘ﬁgg n”%%p%oﬁ Cﬂﬁ rgfelY%as‘gB%tn ¢ BAPUMLET 1 egi on
in the sai FCEUHY ARSI RJIED siraiet, the trepsmisientrensntisainotieasulepacket of mat i on
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fromthe scope of this invention. The mappi ng from nodul ati on synbols 0 -
231 to Region 1 in FIG 11 can be any mapping, as |long the mappi ng does not
depend on CCFl. For exanple, we can map nodul ati on synbols to RES in Region
1, starting fromthe |last OFDM synbol. In that case, nodul ation synbols
0-23 are mapped to the | ast OFDM synbol (i.e., OFDM synbol 13); nodul ation
synbol 2447 are mapped to the second to | ast OFDM synbol (i.e., OFDM synbol
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the present invention. First, at step S310, the data signals and the
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- 19 - with the nodul ation synbols in Region 1 only. Alternatively, erasure
detection or CRC can be applied to the detection of the CUL In the case
that the receiver does not successfully detect the CCFl, i.e., if CCFI
erasure or CCFl detection error occurs, the receiver only uses nodul ation
synbols in Region 1 to decode the packet. O herw se, the receiver uses
nodul ation synbols in both Region 1 and Region 2 to decode the packet.

In a third enbodi nent according to the principles of the present invention,
t he nodul ati on synbols 0, 1, ..., Nl-1 are mapped to Region 1 and

nmodul ation synbols N1, N1+1, ..., N 17aré nmapped to Region 2. Again using
FIG 12 as an exanple, there are 256 nodul ation synbols in total for this
data transrgg |s are ped to REsS in
Region 1 an t% REQ%UJQFY Eﬁéﬁ&ﬁﬁétggﬁ%s]%%r?{)mﬁ%rsé’gwﬁﬁspé@ %’% IREsed i RBgi on 2.
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2. By doing so, the receiver can start deco eﬁgeggﬁégggghﬁ% B&aégéfore
receiving the whole subframe. For exanple, the receiver can start decoding
of code block A after receiving and denodul ati ng data REs in OFDM synbol 2,
3, and 4 In a sixth enbodi nent according to the principles of the
present invention, the mapping of nodul ation synbols within each code bl ock
into resource elenents within at | east one resource regi on being

i ndependent of certain control channel information carried in the said
subfranme while the mappi ng of nodul ati on synbols of each code bl ock into
resource elenments within at | east another resource region being dependent
of certain control channel information carried in the said subframe. Again
using FIG 16 as an exanple, the nunber and |ocation of data REs for code

I ment



. (1) N1 nod N'g sJ < N'g N"g Simlarly, the nunber of data REs
assigned to code block j in Region 2, M,2, could be given by 0 5] < N2
nod. keg N2 N "g Note that in this enbodi nent, we assign a slightly
| arger nunber, i.e., rm/nmeg-1, of data REs to the code bl ocks at the

begi nning of Region 1 and a slightly smaller nunber, i.e., iNi/N'g j, of
data REs to the code blocks in the end of Region 1. This schene works well
if the code bl ocks at the beginning may have | arger sizes than the code

bl ocks in the end. Alternatively, we could assign the slightly smaller
nunber of data REs to the code bl ocks -d8-the begi nning and the slightly

| arger nunber of data REs to the code bl ocks in the end. This schene works

than the. ool i RO E R Gal O R Eisks mdarvoes (OMadcbirks

assi gned t &5 esREeipmestie 45 mitiRsei MEMD (WU-MIMO)sbrhetimegi MSDMA, n{uBipl

(N'g - NI nietdNt@9hS ade s sefhrately and transmitted to different intended receivers
on the same time-frequency resources. By using different spatial signature, e.g.,
antennas, virtual antennas, or precoding vectors, the receivers will be able to
distinguish the multiple data streams. Moreover, by scheduling a proper group of
receivers and choosing the proper spatial signature for each data stream based on
channel state information, the signal of interest can be enhanced while the other
signals can be enhanced for multiple receivers at the same time. Therefore the system
capacity can be improved. Both single user MIMO (SU-MIMO) and multi-user
MIMO (MU-MIMO) are adopted in the downlink of LTE. MU-MIMO is also
adopted in the uplink of LTE while SU-MIMQ for LTE uplink is still under
discussion.

In LTE systems, some resources, namely conirol channel elements, are
reserved for downlink control channel transmission. Control channel candidate set
can be constructed based on the control channel elements reserved for downlink
conirol channels. Each downlink control channel can be transmitted on one of the
control channel candidate set. An example of control channel elements and control
channel candidate set is shown in FIG. 9. In this example, 11 control channel
candidate sets can be constructed on 6 control channel elements. In the rest of the
document, we will refer to these control channel candidate sets as control channel
resource sets, or simply, resource sets.

The downlink subframe structure in a 3GPP LTE system is shown in FIG.
10. In the 3GPP LTE system, a time and frequency resource can be divided into a
plurality of resource blocks 210 (RB). Each resource block 210 can be further
divided into a plurality of resource elements 211 in a time and frequency domain.
As shown in FIG. 10, a single OFDM symbol can be transmitted using a row of
resource elements comesponding to the same period of time. In a typical
configuration, each subframe is 1ms long, containing 14 OFDM symbols. Assume
the OFDM symbols in a subframe are indexed from 0 to 13. Reference symbols
(RS) for antenna 0 and 1 are located in OFDM symbol 0, 4, 7, and 11. If present,
reference symbols (RS) for antennas 2 and 3 are located in OFDM symbol 2 and 8.



Simlarly, the nunber of data REs assigned to code block j in Region 2,

Mo2, could be given by N |, (N'g - N2 nod N'g ) 5 < N seg Nsea Not e
this enbodinment is still applicable when there is only one resource region,
i.e., all data REs belong to the sane resource region. For exanple, in the
case of only one resource region, the nunber of data resource elenents is
al nost equally allocated anong the nultiple code bl ocks. The nunber of data
resource elenments of code block j can be given by Equation (1).

Al ternatively, the nunber of data resource elenments of code block j can be
gi ven by Equation (3). Note that for tHé-case of only one resource region,
N1 is the total nunber of resource el enents. In an ei ghth enbodi nent

accordi ng LLRGI o] resent invention, the nunber of coded
bits, or tttgebn#gir‘:béeﬁra hﬁ(}ﬁ %j%‘%%?’ainl%“??nr%s(?%%(?ﬁwséli‘Wnﬁ]D(fﬁF%?ti PSP ECEFD n at

| east one rE&EMledeemegt sianpls(ATKb packd dacugitity! elaraiel YPROOHY sigiplnasbtipl e
code bl ocksrahemRRa i eheAiOdneC Bt R0 1851 O nE AGH g LY k. For
exanpl e, agol nged dul at]iggn @L ?E'ﬂ?ée_%ﬁ??@gﬁls.:ﬂ}gfngpb%oﬁﬁsb%

modul ation’ oglglﬁ 108 COHE! Granagesignals isdndisaied by GCRIN Rataieranneldignats, on
synbol car tPe$hyfiosl Rawmipile ShaedRSnmd dRDSCH) i ale frhnsniddd BaStRr

modul at i on etk @RS)s. €ach one corresponds to a bit that is carried by the
nodul ati on synbof. 16- QAM nodul ation synbol (L = 4) can carry 4 bits.
Thus there are 4 SI'AYSIGRT p S PioBRse methods eandraipactud &t ipoowidy bialst

Ther ef or e, mappingdtorn o chinndl ld Gedgtnbilts ré%@ﬂrc@seint(ﬁgﬁmjﬁ{eﬁ% in Region
dransmtte egi on 2. The

1. Atotal nynbegﬁé)gctsl\l%rgsodega%i tnga can]églee K A Il n _
resource assignment can be d6he “BIf "ECd G e BR tenhag 5s readi h@@w(’@} - 23
- the nunbérdiovirg dataied desptiptigne dintpdy doddlusiraidg b humiRegefopardiculd by N,
x L Nseg éhkodiments( Bhek ibnblecbnbhtiofs,S idclittih &e Nest mode contemplated for
carrying ut the invention. The invention is also capable of other and different
embodiments, and its several details can be modified in various obvious respects, all
without departing from the spirit and scope of the invention. Accordingly, the
drawings and description are to be regarded as illustrative in nature, and not as
restrictive. The invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings. In the following illustrations,
we use the downlink subframe in 3GPP LTE system as an example. However, the
techniques illustrated here can certainly be applied to uplink subframe structure, and
in other systems whenever applicable.
FIG. 11 illustrates a scheme for mapping modulation symbols into a
plurality of resource elements in an LTE downlink subframe according to a first
embodiment of the principles of the present invention. For illustration purpose, 14
OFDM symbols in the LTE downlink subframe are indexed from 0 to 13. The
control channel signals may occupy the first one, or two, or three OFDM symbols
while the data channels may occupy the OFDM symbols that are not occupied by
control channels. The LTE downlink subframe can be divided ito Region 1
consisting of the resource elements corresponding to OFDM symbols 3 through 13,
and Region 2 consisting of the resource elements corresponding to OFDM symbol 0,
1, and 2. Note here for case of itlustration, we assume confrol channels and data
channels are not transmitted in the same OFDM symbol. Nevertheless, all the
embodiments in this invention are applicable to the case where control channels and



Simlarly, the nunber of coded bits assigned to code block j in Region 2,
M,2, could be given by N2 x L 0 s j < (N2 xL) nod Aces N'g N2 X L Ng
Note that in this enbodi nent, we assign a slightly |arger nunber, Le.,

{Ni xL/ Nsegi, of coded bits to the code bl ocks at the beginning and a
slightly smaller nunber, i.e., LN xL Thised, of coded bits to the code

bl ocks in the end. This schenme works well if the code bl ocks at the

begi nni ng may have | arger sizes than the code bl ocks in the end.

Al ternatively, we could assign the slightly smal | er nunber of coded bits to
the code bl ocks at the beginning and th&-slightly |arger nunber of coded

bits to the code bIocks in the end. This schenme works well if the code
than the code bl ocks in the
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carried in the said subframe, e.g., Control Channel Format Indicator (CCFI). Region
2 can be defined as the collection of resource elements in a subframe that may be
used by data channel transmission if the said resource elements are not used by other
overhead channels, which is indicated by certain control channel information carried
in the said subframe, e.g., CCFL

Note there may be multiple data channel transmissions in a subframe that
are multiplexed in the frequency domain using Orthogonal Frequency Division
Multiple Access (OFDMA). For one data channel, assume there are N resource
elements available in Region 1 and N, resource elements available in Region 2. The
availability of the resource elements for data transmission in Region 1 consisting of
OFDM symbols 3 through 13 is independent of any control channel information.
The availability of the resource elements for data transmission in Region 2 may be,
however, dependent upon some control channel information. In the first
embodiment of LTE downlink subframe, the availability of the resource elements for
data transmission in OFDM symbols 0, 1, and 2 in Region 2 depends on the value of
CCFL. For example, if CCFI indicates OFDM symbol 0 and 1 in Region 2 are used
for control channel signal transmission, then only resource elements in OFDM
symbol 2 are available for data transmission.
For the easy of illustration, we number the modulation symbols that need to

be mapped to resource elements from 0 to N-1, where N = N; + N,. FIG. 12
illustrates the scheme for interleaving modulation symbols in a first stage and
mapping the interleaved modulation symbols into a plurality of resource elements in
a second stage according to the first embodiment of the principles of the present
invention. For the ease of illustration, the description in this invention can be viewed
as the second stage operation in FIG. 12 that illustrates the mapping from modulation
symbols to resources assuming a natural order or numbering of the modulation
symbols. It is certainly straightforward for a person with ordinary skill in the art,
however, to apply the techniques in this invention to cases where the modulation
symbols are not in the natural order. As shown in FIG. 12, by adding the first stage



N2 xL , 0sj <(N"g- (N2x L) md Ng) , (Nse: - (Nx L) md Ns j<
Nseg Nseg Again, note this enbodinent is still applicable when
there is only one resource region, i.e., all data REs belong to the same
resource region. For exanple, in the case of only one resource region, the
nunber of coded bit is alnost equally allocated among the multiple code

bl ocks. The nunber of coded bits assigned to code block j can be given by
Equation (5). Alternatively, the nunber of coded bits assigned to code

bl ock j can be given by Equation (7). h%te that for the case of only one
resource region, Nl is the total number®of resource el enents. ~Ina
ni nt h enbodi nent according to the principles of the present invention, the
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pr ef er abl y Was@atigs $yrdbols toi xesource elements jointly for the first stage and the second
stage operations as shown in FIG. 12 without departing from the disclosure of the
invention.

In the first embodiment according to the principles of the invention, the
method of mapping of a plurality of modulation symbols to a plurality of resource
elements contemplates segregating the plurality of resource elements in a subframe
into a plurality of resource regions. The mapping in at least one resource region in
the said subframe is independent of certain control channel information carried in the
said subframe, while the mapping of modulation symbols to resource elements in at
least another resource region in the said subframe is dependent on the said control
channel information carried in the said subframe. FIG. 11 shows an example of the
first embodiment.  As shown in FIG. 11, two resource blocks (RBs) are allocated to
a data transmission. Note these two RBs does not need to be contiguous in
frequency domain. Except the resources that are used for predefined overhead, e.g.,
reference signals (RSs), the other REs can be used for both control channel and data
channel transmission. In this example, we assume control channel signals can only
be transmitted in the first three OFDM symbols. And the allocation and size of the
resources for control channel transmission is indicated by the control channel format
indication (CCFI) that is carried by the control channel signals. The resource
elements (REs) in these two RBs are divided into two regions. Region 1 consists of
REs corresponding to the last eleven OFDM symbols (i.e., OFDM symbols 3
through 11) in a subframe. Region 2 consists of REs corresponding to the first three
OFDM symbols in a subframe. Note control and data are multiplexed in Region 2
and the allocation and size of the resources for control channel in Region 2 is
indicated by CCFL In other words, the allocation and size of the resources for data
channel transmission in Region 2 depend on CCFL. Before entering the modulator as
shown in FIG. I, coded bits generated by information bits and channel coding
scheme are rate matched, interleaved, and modulated for each transmission. The



- 25 - Simlarly, the nunber of data REs assigned to code block j in

Region 2, Ma, could be given by wher e I s the nunber such that Af =
N2. Note that in this enbodi nent, we assign a slightly |arger nunber
of data REs to the code bl ocks at the beginning and a slightly smaller
nunber of data REs to the code blocks in the end. This scheme works well if

the code bl ocks at the begi nning may have | arger sizes than the code bl ocks
in the end. Alternatively, we could assign the slightly smaller nunber of
data REs to the code bl ocks at the beginning and the slightly |arger nunber
of data REs to the code blocks in the-éAd. This scheme works well if the
code bl ocks in the beginning may have smaller sizes than the code bl ocks in
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are mapped to the data REs (i.e., tesource elements that are available fore data
channel transmission) in Regjon 1 in a fashion that is independent of CCFI. For
example, as shown in FIG. 11, modulation symbols are mapped to available data
REs in a row-wise manner. Specifically, modulation symbols 0-23 are mapped to
the 24 data REs in the 4-th OFDM symbol (i.e., OFDM symbol 3). Modulation
symbols 24-39 are mapped to the 16 data REs in the 5-th OFDM symbol (i.e.,
OFDM symbol 4). Modulation symbols 208 - 231 are mapped to the 24 data REs in
the 14-th OFDM symbol (i.e., OFDM symbol 13). Assume control channel
(PDCCH) signals occupies the first 2 OFDM symbols (i.e., OFDM symbols 1 and 2),
the REs in the third OFDM symbol can also be utilized for data channel transmission.
Thus, modulation symbol 232 ~ 255 are mapped to the 24 available data REs in the
third OFDM symbol(i.e., OFDM symbol 2). Note that further channel interleaving
and other processing of these modulation symbols can be performed, if desired.
Preferably, these processing should be limited to be within Region 2 to maintain the
resource allocation and modulation symbol mapping in Region 1 to be independent
of CCFL. Note the aforementioned mapping method is just an illustration, different
resource allocation and modulation mapping methods can be applied without
departing from the scope of this invention. The mapping from modulation symbols ¢
— 231 to Region 1 in FIG. 11 can be any mapping, as long the mapping does not
depend on CCFL For example, we can map modulation symbols to REs in Region 1,
starting from the last OFDM symbol. In that case, modulation symbols 0-23 are
mapped to the last OFDM symbol (i.e., OFDM symbol 13); modulation symbol 24 ~
47 are mapped to the second to last OFDM symbol (i.e., OFDM symbol 12); and
modulation symbols 208 ~ 231 are mapped to the fourth OFDM symbol (i.e., OFDM
symbol 11),

FIG. 13 illustrates a process for mapping modulation symbols according to
the first embodiment of the principles of the present invention. First, at step S310,
the data signals and the control signals to be transmitted are modulated into a
plurality of modulation symbols iacluding data symbols and control symbols. At
step 320, the available resource elements for transmission in a subframe are divided
to Region 1 and Region 2. At step 330, the modulation symbols are mapped into
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Region 1 and Region 2. Specifically, the mapping of modulation symbols into
Region 1 is independent of the CCFI information carried in the conirol signals, and
the mapping of modulation symbols into Region 2 is dependent upon the CCFI
information carried in the control signals. Finally, at step 340, the modulation
symbols mapped into the resource elements are transmitted via a plurality of
antennas.

In a second embodiment according to the principles of the present invention,
an operation of a receiver of the multiple-region resource mapping is illustrated in
FIG. 14. For illustration purpose, the example as shown in FIG. 11 is used. At step
5410, the receiver first decodes the CCFI information that is carried by the control
channel signals. Based on the detected CCFI, the receiver can figure out which
resource elements are allocated for data channel transmission in Region 2. At step
5420, the receiver collects the received modulation symbols on available data REs in
Region 2 according to the mapping from modulation symbols to data REs in Region
2. The mapping scheme may be pre-defined before the transmission process is
started. ~ Alternatively, the transmitter may transmit a control channel signal
containing the information regarding the mapping scheme. At step S430, the
receiver also collects the modulation symbols on available data REs in Region 1 to
produce a first data packet according to the mapping scheme from modulation
symbols to data REs in Region 1. The receiver will then attempt to decode the first
data packet consisting of the modulation symbols from Region 1 only at step S440,
At step S450, the receiver checks whether the first data packet decodes by using
cyclic redundancy check (CRC) function. If the first data packet decodes, i.e., cyclic
redundancy check (CRC) checks, then the receiver can pass the decoded packet to
upper layer for further processing at step S460. Otherwise, at step S470, the receiver
produces a second data packet consisting of the modulation symbols in both Region
1 and Region 2 and attempt to decode the second data packet. At step 480, the
receiver passes the decoded packet to upper layer for further processing at step S460.
Alternatively, the receiver can first attempt to decode the data packet with
modulation symbols in both Region 1 and Region 2. If the decoding is successful,
i.e., CRC checks, then the receiver can pass the decoded packet to upper layer for
further processing. Otherwise, the receiver will attempt to decode the data packet
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with the modulation symbols in Region 1 only. Alternatively, erasure detection or
CRC can be applied to the detection of the CCFI. In the case that the receiver does
not successfully detect the CCFI, i.e., if CCFI erasure or CCFI detection error oceurs,
the receiver only uses modulation symbols in Region 1 to decode the packet.
Otherwise, the receiver uses modulation symbols in both Region 1 and Region 2 to
decode the packet.

In a third embodiment according to the principles of the present invention,
the modulation symbols 0, 1, ..., N;-1 are mapped to Region 1 and modulation
symbols N, N;+1, ..., N-1 are mapped to Region 2. Again using FIG. 12 as an
example, there are 256 modulation symbols in total for this data transmission. The
first 232 modulation symbols are mapped to REs in Region 1 and the other 24
modulation symbols are mapped to REs in Region 2. Note that the number of
modulation symbols that can be transmitted equals to the number of REs available
for data transmission. With the two-region approach, regardless of the value of CCF,
the first Ny modulation symbols are mapped to the Ny REs in Region 1. The number
of available data REs and the number of modulation symbols transmitted in Region 2,
however, depend on the value of CCFI.

In a fourth embodiment according to the principles of the present invention,
the method of mapping of modulation symbols to resource elements in a subframe
contemplates segregating the resource elements in the subframe into a plurality of
resource regions with the mapping of the modulation symbols in at least one resource
region in the subframe utilizing the OFDM symbols in an increasing order while the
mapping of the modulation symbols to resource elements in at least another resource
region in the said subframe utilizing the OFDM symbols in a decreasing order. For
example, in an LTE downlink subframe, the mapping of modulation symbols in
Region 1 starts from REs in OFDM symbol 3 while the OFDM symbols are filled in
an increasing order while the mapping of modulation symbols in Region 2 starts
from REs in OFDM symbol 2 while the OFDM symbols are filled in a decreasing
order. In other words, the order that the OFDM symbols ate filled with modulation
symbols are 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 2, 1, 0. Note that the availability of
REs in Region 2 (OFDM symbol 0, 1, 2) depends on the control channel format
indicator (CCFI). This mapping method is especially useful when there are multiple

<N,



Again, note this enmbodinent is still applicable when there is only one
resource region, i.e., all data REs belong to the same resource region. For
exanple, in the case of only one resource region, the nunber of data REs is
allocated to achieve roughly equal coding rate. The nunber of data REs
assigned to code block j can be given by Equation (9). Alternatively, the
nunber of data REs assigned to code block j can be given by Equation (13).
Note that for the case of only one resource region, Nl is the total nunber
of resource el enents. In a tenth embodi nent according to the
principles of the present invention, rﬁ@*nunber of coded bits, or the
nunber of nodul ati on positions in nodul ation synbols In at | east one

' | codj rate anong the
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Region 1, Mgdd bld‘cﬂlﬁéﬂox@eregéﬁfﬁg Y whole subifrafe. - THe folteh En%odmenjt is also
llustrated in FIG. 15. Again, the order of mapping of modulation symbols to REs in
frequency domain can be changed without departing from this invention. For
example, FIG. 15 shows modulation symbol 0 to 23 are mapped to REs in OFDM
symbol 3 in sequential order along the frequency axis. However, the order of
mapping in frequency domain can be changed, e.g., by frequency domain
mterleaving, without departing from the scope of this invention.

In a fifth embodiment according to the principles of the present invention,
the mapping of modulation symbols of each code block to resource elements in at
least one resource region is independent of certain control channel information
carried in the said subframe. An example is illustrated in FIG. 16. In this example,
modulation symbols that carry coded bits for code block A are transmitted on OFDM
symbol 3 and 4 in Region 1, and OFDM symbol 2 in Region 2. Modulation symbols
that carry coded bits for code block B are transmitted on OFDM symbol 4 and 5 in
Region 1, and OFDM symbol 2 in Region 2. Modulation symbols that carry coded
bits for code block C are transmitted on OFDM symbol 5 and 6 in Region 1, and
OFDM symbol 2 in Region 2. By doing so, the receiver can start decoding some
code blocks before receiving the whole subframe. For example, the receiver can start
decoding of code block A after receiving and demodulating data REs in OFDM
symbol 2, 3, and 4

In a sixth embodiment according to the principles of the present invention,
the mapping of modulation symbols within each code block into resource elements
within at least one resource region being independent of certain control channel
information carried in the said subframe while the mapping of modulation symbols
of each code block into resource elements within at least another resource region
being dependent of certain control channel information carried in the said subframe.
Again using FIG. 16 as an example, the number and location of data REs for code
block A, B, and C in Region 2 depend on the CCFI information, while the number
and location of data REs for code block A, B, and C in Region 1 does not depend on
the CCFI information.
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In a seventh embodiment according to the principles of the present invention,
the number of data REs in at least one resource region among a plurality of resource
regions is allocated roughly equally among the multiple code blocks to ensure about
equal error protection on each code block. Since there is only one CRC for the
whole transport block, it is important for each code block to receive as much error
protection as possible. Note that the number of available data REs may not be
divisible by the number of code blocks. So, we can only ensure roughly equal
number of data REs assigned to each code block. Assuming there are N; modulation
symbols available for data transmission in Region 1 and N, modulation symbols
available for data transmission in Region 2. Assume there are Nseg code blocks.
Define [x] as the smallest integer that is larger than or equal to x. Define [x] as the
largest integer that is smaller than or equal to x. Define x mod y is the remainder of

£, Asan example, the number of data REs assigned to code block j in Region 1,
¥

M; ¢, could be given by

[Nl ], 0= j<N modN,,
M, = ey

il N
[Nl J, N, mostegsj<Nseg

seg

Similarly, the number of data REs assigned to code block j in Region 2, M ,,
could be given by

{ N, ] 0< j<N,modN,,
@

[;;Tz J, N,modN, s j<N,,

seg

Note that in this embodiment, we assign a slightly larger number, ie.,
[N1/N;.g1, of data REs to the code blocks at the beginning of Region 1 and a slightly
smaller number, i.e., | N1/Ng,, ], of data REs (o the code blocks in the end of Region 1.
This scheme works well if the code blocks at the beginning may have larger sizes
than the code blocks in the end. Alternatively, we could assign the slightly smaller
number of data REs to the code blocks at the beginning and the slightly larger
number of data REs to the code blocks in the end. This scheme works well if the
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code blocks in the beginning may have smaller sizes than the code blocks in the end.
In that case, the number of data REs assigned to code block j in Region 1, M;;, could

be given by
IEN—hJ 0sj<(N,, -N,modN,,)
M, =k . (3)
’ N.
[ ! "3 Nscg _NlmOsteg)sj<Nseg
Nseg

Similarly, the number of data REs assigned to code block j in Region 2, M,
could be given by

seg

[Al:fz J, O0sj<(W, -N,modN,_)
M},z = 1\;88 . (4)
L\Iz ], (JZ\,T“,S—N2 mode)sj<Nseg

Note this embodiment is still applicable when there is only one resource
region, i.e., all data REs belong to the same resource region. For example, in the
case of only one resource region, the number of data resource elements is almost
equally allocated among the multiple code blocks. The number of data resource
elements of code block j can be given by Equation (1). Alternatively, the number of
data resource elements of code block j can be given by Equation (3). Note that for
the case of only one resource region, Nj is the total number of resource elements.

In an eighth embodiment according to the principles of the present invention,
the number of coded bits, or the number of modulation positions in modulation
symbols, in at least one resource region is allocated roughly equally among the
multiple code blocks to ensure about equal error protection on each code block. For
example, assume the modulation order is L, e.g., L =4 for 16 QAM. A modulation
position is one of the L bits that an L-th order modulation symbol carries. For
example, a QPSK modulation symbol (L = 2) has 2 modulation positions, each one
corresponds to a bit that is carried by the modulation symbol. A 16-QAM
modulation symbol (L = 4) can carry 4 bits. Thus there are 4 modulation positions in
a 16-QAM modulation symbol. Therefore, a total number of N;xL coded bits can be
transmitted in Region 1. A total pumber of N,xI, coded bits can be transmitted in
Region 2. The resource assignment can be done on a coded-bit basis. As an example,
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the number of coded bits assigned to code block j in Region 1, M, could be given
by

N xL .
[ j\lr » O0sj<(N;xL)modN,,
M= N, ng 2
J\lf » (NyxL)modN,, s j<N,,
seg

Similarly, the number of coded bits assigned to code block j in Region 2,
M;5, could be given by
N,xL
N

seg
N,xL
N

seg

» Osj<(NyxL)mod N,

M;,=

(6)

s (NyxLymodN, =<j<N,

Note that in this embodiment, we assign a slightly larger number, i.e.,
[NyxL/Nges |, of coded bits to the code blocks at the beginning and a slightly smaller
number, i.e., [NyxL /Ng,|, of coded bits to the code blocks in the end. This scheme
works well if the code blocks at the beginning may have larger sizes than the code
blocks in the end. Alternatively, we could assign the slightly smaller number of
coded bits to the code blocks at the beginning and the slightly larger number of
coded bits to the code blocks in the end. This scheme works well if the code blocks
in the beginning may have smaller sizes than the code blocks in the end. In that case,
the number of coded bits assigned to code block j in Region 1, M; 1, could be given
by

N, x L ,
]:.T- v 0s j<(Ng - (NyxL)modN,,)
M, = N ”gL - (7)
X .
{ 1\17 s (Ny, —(Nyx L) modN, )= j<N,,
seg

Similarly, the number of data REs assigned to code block j in Region 2, M,
could be given by



where 171 = xL NlxL x1Cl1 1C1 N 4 is the nunber such that MNi xL .
Simlarly, the nunber of coded bits assigned to code block j in Region 2,

1?42, could be given by
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Again, note this embodiment is still applicable when there is only one
resource region, i.e., all data REs belong to the same resource region. For example,
in the case of only one resource region, the number of coded bit is almost equally
allocated among the multiple code blocks. The number of coded bits assigned to
code block j can be given by Equation (5). Alternatively, the number of coded bits
assigned to code block j can be given by Equation (7). Note that for the case of only
one resource region, Ny is the total number of resource elements.

In a ninth embodiment according to the principles of the present invention,
the number of data REs in at least one resource region is allocated to achieve roughly
equal coding rate among the multiple code blocks to ensure about equal error
protection on each code block. For example, the number of data REs assigned to
code block j in Region 1, M, could be given by

N xK,
i +1, O=j<X

T
K
MWZI ©)
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N]XKJ-

Nl
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where K; is the information block size of the code block j and

s X15j<Nseg

N1 N. xK.
X, =N - N,I,,jl : (10)

i,
! 2 K,
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Nl

is the number such that ZM =N, . Note, although not required, the
jal

definition of K| preferably includes tail bits.



wher e is the nunber such thatM = N2 xL. - 28 Note that in this
enbodi nent, we assign a slightly larger nunber of coded bits to the code

bl ocks at the beginning and a slightly snmaller nunber of coded bits to the
code blocks in the end. This schene works well if the code blocks at the
begi nni ng may have | arger sizes than the code bl ocks in the end.
Alternatively, we could assign the slightly smaller nunber of coded bits to
t he code bl ocks at the beginning and the slightly |arger nunber of coded
bits to the code blocks in the end. This schene works well if the code

bl ocks in the beginning may have smal Fé? -si zes than the code blocks in the
end. In that case, the nunber of coded bits assigned to code block j in

Region 1, M COU'SM&I)@ LY Wer of data REs assigned to code block j in Region 2, M,

could be given by
N,xK, .
voa L O0sj<X,
Kl'
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N, %K, X.si<N
N1 ’ 257 < 508
Ki
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Ve | N, % K,
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Note that in this embodiment, we assign a slightly larger number of data
REs to the code blocks at the beginning and a slightly smaller number of data REs to
the code blocks in the end. This scheme works well if the code blocks at the
beginning may have larger sizes than the code blocks in the end. Alternatively, we
could assign the slightly smaller number of data REs to the code blocks at the
beginning and the slightly larger number of data REs to the code blocks in the end.
This scheme works well if the code blocks in the beginning may have smaller sizes
than the code blocks in the end. In that case, the number of data REs assigned to
code block j in Region 1, M; ;, could be given by
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Similarly, the number of data REs assigned to code block j in Region 2, M;,,
could be given by

r

N xK. .
Nix—l - ’ 051<Nseg‘—X2

YK,

M, =] L EP

N, xK,;

Ni‘fi : +1, 'Nsegqusj{‘Nseg
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Again, note this embodiment is still applicable when there is only one
resource region, i.e., all data REs belong to the same resource region. For example,
in the case of only one resource region, the number of data REs is allocated to
achieve roughly equal coding rate. The number of data REs assigned to code block j
can be given by Equation (9). Aliernatively, the number of data REs assigned to
code block j can be given by Equation (13). Note that for the case of only one
resource region, Ny is the total number of resource elements.

In a tenth embodiment according to the principles of the present invention,
the number of coded bits, or the number of modulation positions in modulation
symbols, in at least one resource region is allocated to achieve roughly equal coding
rate among the multiple code blocks to ensure about equal error protection on each
code block. For example, the number of coded bits assigned to code block j in
Region 1, M; 1, could be given by



Simlarly, the nunber of coded bits assigned to code block j in Region 2,

M.2, could be given by s ] <N -112 N2 xL x1Cl Nigg-1
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Similarly, the number of coded bits assigned to code block j in Region 2,

M; 5, could be given by
N, xLxK, .
= +1, 0= j<Y,
Ki
Mj,z = 4 = 3 (17)
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is the number such that E;Mf’z = N,xL.
&



+1, Nseg -172s j < Nseg Again, note this enbodinent is stil
appl i cabl e when there is only one resource region, i.e., all data REs

bel ong to the sane resource region. For exanple, in the case of only one
resource region, the nunber of coded bits is allocated to achi eve roughly
equal coding rate anong the nmultiple code bl ocks. The nunber of coded bits
assigned to code block j can be given by Equation (15). Alternatively, the
nunber of data REs assigned to code block j can be given by Equation (19).
Note - 29 - that for the case of only one resource region, Nl is the total
nunber of resource el enents. | m28n el eventh enbodi ment according to
the principles of the present invention, only REs in Region 1 are used for
certain data traqﬁﬁ%gﬁ ons.. In t%ls case, the danger of perfornmance
degradati on_due to ang 4585 YEhHsERet it gt nambenefnepdddwnl i nk
resource adifs éﬁhﬁﬁn@d&rtdloqks ahgrei lzf@lmmg ardaslightly danier hembBeof QReH Was
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into a pl UICQ]IIIdt%SSlgﬁ thodtightl pskmaliereneobener EdhiRdi MOl Qe Mib&s! 4 fach code
bl ock; beginning and the slightly larger number of coded bits to the code blocks in the end.

This scheme works well if the code blocks in the beginning may have smaller sizes

than the code blocks in the end. In that case, the number of coded bits assigned to

code block j in Region 1, M1, could be given by
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Similarly, the number of coded bits assigned to code block j in Region 2,
M; 2, could be given by

NyxLxK, .
Nog—1 ? 05]<N—seg“};2
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Again, note this embodiment is still applicable when there is only one
resource region, i.e., all data REs belong to the same resource region. For example,
in the case of only one resource region, the number of coded bits is allocated to
achieve roughly equal coding rate among the multiple code blocks. The number of
coded bits assigned to code block j can be given by Equation (15). Alternatively, the
number of data REs assigned to code block j can be given by Equation (19). Note



assigning a nunber of resources to each of the plurality of code bl ocks,
with a |arger nunber of resources assigned to at |east one code bl ock at
the end and a small er nunber of resources assigned to at |east one code
bl ock at the beginning if N cannot be divided equally by N'g, where N is

t he nunber of synbols available for data transm ssion and N., is the nunber
of code bl ocks; and transmtting the information bits to a receiver
via one or nore of antennas based on the assigned resources. 2. The

met hod of claim1, wherein the nunber_gf_ the resources assigned to a code
block (j) is defined by: NI 0 1< (Nseg- NI nod Nseg) N'g NI 1, (N'g NI nod
N <1\1"g N'g 3. The nmethod of claim1l, wherein the information
bits are tthandod theersé bf ouhhose sdsburdce asgobNNG ié BG Lkl NGindb ok RFAEESiRed €7i ON
for the infepRgLi on bits and another resource region for control bits,
wherein the resource region for the information bits and the anot her
resource regi on FopntHeveadnembodisans asopndiniss éo dbe Ipsimsiplasnef i trrgieei ng
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format i ndjcealbOflreafli cat es the number of nultiplexing synbol used for the
control bits. 5. The method of claim1, further conprising steps of:



interleaving the encoded information bits; nodulating the interl eaved
information bits to generate nodul ati on synbols; and mappi ng the nodul ati on
synbols to the assigned resources. 6. The nethod of claim 3, wherein
the information bits are mapped to the resource region in an increasing
order starting froma multiplexing synbol having a smallest index in the

ti me domain. 7. An apparatus for transmtting information bits by
using a plurality of resources in a wireless comruni cati on system
conprising: an encoder for encoding infonnation bits in each code bl ock;

a controller for segnmenting the infornmaffon bits to be transnitted into a
plurality of code bl ocks, and assigning the plurality of resources to each
of the pl urplihiy¢ of code blocks, with a |larger nunmber of resources assigned
to at | east one code block at the end and a smaller nunber of resources
assigned to at | east one code block at the beginning if N cannot be

di vi ded equal ly_by Nseg, re NI i s the nunber. of synbols available for
data transnissién and® %@@\é\lg%%r IRt Rdp EOrgTatian ks By wikgs?2 PRy of resougces
transni tt gh afviiFeldss aamuhichite &heml 85R5Md @B slhd s 10 a receiver via one or
more of antennas based on the assigned resources. - 32 - 8. The
appar at us of cl a¢gmeptingtherinfopmatinn hiisrip be trafsmitied intosopinndity efsoilghlegks o a
code block (j) i ' - <. " mod N N"gr Nl , (N"
“NL mod N g§l ?]< eﬁquig"rg' e ti¥ation bAin(deh Sode b'l\gck, 9) 9 ( 9
' assigning a number of resources to each of the plurality of code blocks, with a

larger number of resources assigned to at least one code block at the end and a smaller
number of resources assigned to at least one code block at the beginning if Ny cannot be
divided equally by Ny, where N; is the number of symbols available for data transmission
and N, is the number of code blocks; and

transmitting the information bits to a receiver via one or more of antennas based on

the assigned resources,

2. The method of claim 1, wherein the number of the resources assigned to a
code block (j) is defined by:

N .
—R}wiw , 0Lj<(Ny ~NmodN,)
Mf,l =Ir A;eg: .
7 L (N = Nymod N, S j< N,
seg

3. The method of claim 1, wherein the information bits are transmitted through a
sub-frame unit including a resource region for the information bits and another resource
region for control bits,

wherein the resource region for the information bits and the another resource region
for the control bits comprise at least one multiplexing symbol, each multiplexing symbol
corresponds to a time unit, and each multiplexing symbol comprises of a plurality of

resources 1o a frequency unit,



9. The apparatus of claim 7, wherein the information bits are transmtted
through a sub-frane unit including a resource region for the information
bits and another resource region for control bits, wherein the
resource region for the information bits and the another resource region
for the control bits conprise at |east one nultiplexing synbol, each

mul tipl exi ng synbol corresponds to a tine unit, and each nultipl exi ng
synbol conprises of a plurality of resources to a frequency unit.

10. The apparatus of claim9, wherein ggf_control bits conprise of a
control channel format indication and the control channel format indication
i ndi cates the nunber of multiplexing synbol used for the control bits.

11. The apparatd4s of THeainethdd of widitned, wherpimi i ngntralnbitsnt@nprésavar a omtrol

i nterl eavi t he_encoded .i nfo tion bjts; . dul ator for dul.ati ng
e’ nt or | SR oD R OnaH] e coRrmyrura P stioa i ohe hudhg o
mapper formiMpRkRG syBoMReWfR A dnsYIRl s to the assigned resources.

12. The apparatus of claim9, wherein the information bits are mapped to

the resource region in an increasing order starting froma nultiplexing

synbol havi ng smal l.gst. .1 bt NurtH ’ﬁ@%ﬁi of33 -, 13. A
met hod for recgsl'vi ng Pﬁ%fn%értﬂn%ﬁ(fg?]l |1t’gm% regﬁ% tteg}‘ta? % plurality of
resources in a inierledvergsthe omxied médrinatios Ys;em conpri si ng: recei ving

he inf i on_bi i ded in a plurality of code blocks, vi
one or more of B BtaRRRIHTRARG adde B ore o BhEe BRI Y12

mapping the modulation symbols to the assigned resources.

6. The method of claim 3, wherein the information bits are mapped to the
resource region in an increasing order starting from a multiplexing symbol having a smallest

index in the time domain.

7. An apparatus for transmitting information bits by using a plurality of
resources in a wireless communication system, comprising:

an encoder for encoding information bits in each code block;

a controller for segmenting the information bits to be transmitted into a plurality of
code blocks, and assigning the plurality of resources to each of the plurality of code blocks,
with a larger number of resources assigned to at least one code block at the end and a
smaller number of resources assigned to at least one code block at the beginning if NI
cannot be divided equally by Nseg, where N1 is the number of symbols available for data
transmission and Nseq is the number of code blocks; and

a transmitter for transmitting the information bits to a receiver via one or more of

antennas based on the assigned resources.



wherein the plurality of resources are assigned to the plurality of code
bl ocks, with a | arger nunber of resources assigned to at | east one code
bl ock at the end and a smal |l er nunber of resources assigned to at |east one
code block at the beginning if NI cannot be divided equally by Nseg, where
Nl is the nunber of synbols available for data transm ssion and Nseq is the
nunber of code bl ocks. 14. The method of claim 13, wherein the
nunber of the resources assigned to a code block (i) is defined by:
15. The method of claim 13, wherein the_information bits are received
through a sub-frame unit including the $&source region for the information
bits and anot her resource region for control bits, wherein the
resource regiongfor tig dppfratubBl A B {/herddhd REmBRUIRS rk QROUIRAR@THON
for the control bits conprise at |east one nultiplexing synbol, each
nul ti pl exi hepdsPiask () eckifiaepbyids to a tinme unit, and each nultipl exing
synbol conprises of a pIuray&L of resources to a frequency unit.
16. The met hod of claim 15; Mhereipn_th ont §,0 hits, conprise of a contro
channel format indicationapd the Qéﬂf&gﬁ@chgﬂﬁgghaﬁ}nat i ndi cati on
i ndi cates the nunber Mf, =§£? exi ng synbol used for the control bits. -
34 - 17. The nethod of cliai‘f 13, furt gmpyi i steps of: demappi ng
t he assi gned resources intJAQ% ulgiﬁohngéﬁgoFgf'zéggﬁhlating t he nodul ation
synbols into the information bits; and deinterleaving the information bits.
18. The method of claim 16, wherein the information bits are mapped to the
one or nbre resQurce _regions in an increasing order starting froma.
mul ti pl exi ng syfbol H&Gi WHARIUSA tlaigr 7 yewseit the HEormaben djisatis, transmitted 19
An appar atigufieh stESane g fn@ifu_@fngea_t A P%iotnr BPSHY hbithal¥n BitPhit &lditer Of
resources in a wreless comunication system conprising: a receiver
for recei vesogroehegipmfcscoiraldits.bi t s, which are encoded in a plurality of
icﬁl(‘jgr Prla ,?icgf]’ b:/![ \g’hé)rré'l% R I8 Ee %fgio%%F &@?%%ngﬂ%n%itg G5e gl%ran]:)f%r x%g&ﬂgé [%giogxhe

for the control bits comprise at least one multiplexing symbol, each multiplexing symbol

corresponds to a time unit, and each multiplexing symbol comprises of a plurality of

resources to a frequency unit.

10. The apparatus of claim 9, wherein the control bits comprise of a control
channel format indication and the control channel format indication indicates the number of

multiplexing symbol used for the control bits.

I1. The apparatus of ¢laim 7, further comprising:

an interleaver for interleaving the encoded information bits;

a modulator for modulating the interleaved information bits to generate modulation
symbols; and

a mapper for mapping the modulation symbols to the assigned resources.

12. The apparatus of claim 9, wherein the information bits are mapped to the
resource region in an increasing order starting from a multiplexing symbol having a smallest

index in the time domain.



wherein the plurality of resources are assigned to the plurality of code
bl ocks, with a | arger nunber of resources assigned to at | east one code
bl ock at the end and a smal |l er nunber of resources assigned to at |east one
code block at the beginning if NI cannot be divided equally by Nseg, where
Nl is the nunber of synbols available for data transm ssion and Nseq is the

nunber of code bl ocks. 20. The apparatus of claim 19, wherein the
nunber of the resources assigned to a code block 0) is defined by: 0 j< (N
seg - N1 nod Ns") (Nc.eg - NL mod N) j,< Ns, - 35 - 21. The

apparatus of claim 19, wherein the infb?%ﬁtion bits are received through a
sub-frame unit including a resource region for the information bits and
anot her resourci. regifnndtsd ¢antecelvingi information bits Wharmittedt be ar pheality @f
region for the information bits and the another resource region for the
control bi‘F%OUEQ?ﬁﬁ}?E’g%éFS JOBHBY AT AT FCBYI NG E sy mbol , each nul ti pl exi ng
symbol correspqpdsit@ iR ihictRatikdH bits, IMELHERE BndBdbd inP BTy SY BRRI bI6RPFibSes
of a plurality of resources to a frequency unit. 22. The apparat us of
claim 21, er ot ofmtapesped bits conprise of a control channel fornat
i ndi cation and : mat i ndication indicates the nunber
of nultiplexinéﬁgﬁwggﬁ&%gé%&ﬁggaﬁ%%ﬁk%ntroI bits. 23. The appar at us
of claim 19, furlidngn tteginpmlisiafgesoarcde aeppagnefios theerhmpipiyrnd codeblassi gited
resources into nn%ghﬁlion %¥nbols nodul at o or, d dul .at i

t

modul at i Onla?f\l‘f’rﬁlblp T§SQU, iaﬁsflg?%tt%i agﬁezb% £8° o dlfaiock ate gx% end id srtngl?er

number of resources assigned to at least one code block at the beginning if N1 cannot be
divided equally by Nseg, where N1 is the number of symbols available for data transmission

and Nseq is the number of code blocks.

14, The method of claim 13, wherein the number of the resources assigned to a

code block (j) is defined by:

seg

k—— , 05 j<(N,,-NmodN,)
M —

seg
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15. The method of claim 13, wherein the information bits are received through
a sub-frame unit including the resource region for the information bits and another resource
region for control bits,

wherein the resource region for the information bits and the another resource region
for the control bits comprise at least one multiplexing symbol, each multiplexing symbol
corresponds to a time unit, and each multiplexing symbol comprises of a plurality of

resources to a frequency unit.

16. The method of claim 15, wherein the control bits comprise of a control
channel format indication and the control channel format indication indicates the number of

multiplexing symbol used for the control bits.



a deinterleaver for deinterleaving the information bits. 24. The
apparatus of claim 16, wherein the information bits are mapped to the one
or nore resource regions in an increasing order starting froma

mul ti pl exi ng synbol having a smallest index in the tine domain.
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17. The method of claim 13, further comprising steps of:
demapping the assigned resources into modulation symbols.
demodulating the modulation symbols into the information bits; and

deinterleaving the information bits.

[8. The method of claim 16, wherein the information bits are mapped to the
one or more resource regions in an increasing order starting from a multiplexing symbol

having a smallest index in the time domain.

19. An apparatus for receiving information bits transmitted by a plurality of
resources in a wireless communication system, comprising:

a receiver for receiving the information bits, which are encoded in a plurality of code
blocks, via one or more of antennas; and

a decoder for decoding the information bits,,,

wherein the plurality of resources are assigned to the plurality of code blocks, with a
larger number of resources assigned to at least one code block at the end and a smaller
number of resources assigned to at least one code block at the beginning if N1 cannot be
divided equally by Nseg, where N1 is the number of symbols available for data transmission

and Nseq is the number of code blocks.

20. The apparatus of claim 19, wherein the nurnber of the resources assigned to

a code block () is defined by:
N
I‘___i__ , 0= /j<(N,, -NmodN,_)
M _

)£ j< NSPg
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21. The apparatus of claim 19, wherein the information bits are received through a
sub-frame unit including a resource region for the information bits and another resource
region for control bits,

wherein the resource region for the information bits and the another resource region
for the control bits comprise at least one multiplexing symbol, each multiplexing symbol
corresponds to a time unit, and each multiplexing symbol comprises of a plurality of

resources to a frequency unit,

22. The apparatus of claim 21, wherein the control bits comprise of a control
channel format indication and the control channel format indication indicates the number of

multiplexing symbol used for the control bits,

23. The apparatus of claim 19, further comprising:

a demapper for demapping the assigned resources into modulation symbols,

a demodulator for demodulating the modulation symbols into the information bits;
and

a deinterleaver for deinterleaving the information bits,

24, The apparatus of claim 16, wherein the information bits are mapped to the
one or more resource regions in an increasing order starting from a multiplexing symbol

having a smallest index in the time domain.



